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ABSTRACT OF THE DISCLOSURE 



Apparatus and methods are disclosed for spraying an adhesive in a 
selected pattern on a continuously moving web. The method includes 
the steps of: (a) supplying a predetermined volumetric flow of 
adhesive to a nozzle; (b) selectively operating the nozzle between an 
off position and an on position to spray the volumetric flow of the 
adhesive; (c) diverting the volumetric flow of the adhesive from the 
nozzle when the nozzle is operated in the off position; and (d) 
maintaining a back pressure at the nozzle when the nozzle is operated 
in the off position to provide a substantially instantaneous spray of 
the adhesive when the nozzle is operated from the off position to the 
on position. 
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METHOD FOR SPRAYING ADHESIVE 

Background of the Invention 

5 Field of the Invention 

The present invention relates to an apparatus and method for spraying 
adhesive in a selected pattern on a continuously moving web. The 
invention more particularly relates to an apparatus and method for 
accurately spraying a predetermined volumetric flow of adhesive on a 
10 continuously moving web in a selected pattern. 

Description of the Related Art 

Absorbent articles, such as disposable diapers, training pants, adult 
incontinence articles and the like, generally include several 

15 different components which are adhesively bonded together. For 

example, adhesive has been used to bond individual layers of the 
absorbent article, such as the outer cover and bodyside liner, 
together. Adhesive has also been used to bond discrete pieces, such 
as the fasteners and leg elastics, to the article. Typically, the 

20 adhesive has been sprayed or slot-coated on the continuous moving web 

which provides the absorbent articles. The sufficiency of the 
adhesive bond between the components of the absorbent article is 
generally dependent upon the amount of adhesive, the type of adhesive 
and the spray pattern of the adhesive. 

25 

Various techniques for spraying an adhesive on a moving web are well 
known to those skilled in the art. Many conventional techniques have 
relied upon pressure to deliver the adhesive to a plurality of 
nozzles and spray the adhesive from the nozzles on to a moving web. 
30 In such conventional techniques, the amount and pattern of the spray 

of adhesive is directly dependent upon the pressure at each nozzle 
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which can vary depending upon many factors including the pressure at 
which the adhesive is supplied at, the pressure losses within the 
system, the number of nozzles which are operating at a given point in 
time and whether the nozzles are obstructed in any manner. For 
example, one or more nozzles have frequently become either partially 
or totally blocked thereby inhibiting the flow of adhesive through 
the nozzle. As a result, in such a pressure-dependent system, the 
pressure at each nozzle and the subsequent flow rate of adhesive from 
each nozzle has been difficult to control and predict. 

For example, one conventional technique which relies upon pressure 
for spraying the adhesive involves an apparatus having a plurality of 
nozzles which are connected to a manifold. Adhesive is supplied to 
the manifold and nozzles by a single large, central tank of molten 
adhesive. The tank of adhesive is pressurized to deliver the 
adhesive from the tank to the manifold and to the individual nozzles. 
The individual nozzles are then independently turned on and off to 
spray the adhesive. The amount of adhesive which is dispensed from 
the nozzles is dependent upon the pressure at the tank of adhesive, 
the length of the supply lines, the number of nozzles which are being 
operated at a given point in time and whether the nozzle are 
operating efficiently. 

Another conventional technique which relies upon pressure for 
spraying adhesive is similar to the above technique except the 
adhesive is continuously supplied from the central tank to the 
manifold and nozzles by a pump. The pump is configured to 
continuously supply a flow of adhesive to the manifold. The manifold 
includes a means for recirculating the adhesive such that any unused 
adhesive may be recirculated back to the central tank of adhesive 
through a recirculation line. The pump generally runs continuously 
whether or not adhesive is being sprayed from the nozzles. 

In such a configuration, the manifold includes a pair of valves for 
each nozzle to control the flow of adhesive to the respective nozzle. 
A first valve is operated to control the flow of adhesive to the 
recirculation line leading back to the tank of adhesive and a second 
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valve is operated to control the flow of adhesive through the nozzle. 
The first valves in such a system may be pressure activated valves 
which will automatically open to recirculate the adhesive when a 
certain pressure is reached. In operation, the first valve is closed 
5 and the second valve is opened to allow adhesive to flow through the 

nozzle to spray the adhesive. The nozzles in the manifold may be 
operated independently, all together, or in selected groups. In such 
a configuration, the amount of adhesive which is dispensed from each 
nozzle depends upon the amount of adhesive which is supplied to the 
10 manifold, the number of nozzles which are being operated at a given 

point in time, the amount of adhesive being recirculated and whether 
the nozzles are operating efficiently. 

Still another conventional technique for spraying adhesive is similar 
15 to the above techniques except that the recirculation line which 

allows adhesive to flow back to the supply tank is continuously 
maintained in an open position. In such a configuration, the amount 
of adhesive which is dispensed from the nozzles is again dependent 
upon the pressure variations in the system. 

20 

Other conventional techniques for spraying an adhesive on a moving 
web have relied upon volumetric displacement to deliver and spray the 
adhesive from a plurality of nozzles. In a volumetric displacement 
system, a predetermined volumetric flow rate of adhesive is delivered 

25 to each nozzle. One conventional technique which relies upon 

volumetric displacement for spraying the adhesive involves an 
apparatus having a plurality of nozzles. Adhesive is supplied to 
each nozzle by it's own pump which is connected to a single large, 
central tank of molten adhesive by a supply line. Each individual 

30 nozzle/pump combination includes a pair of valves that control the 

flow of adhesive. For example, one valve is positioned in the supply 
line leading from the tank of adhesive to the individual pump, and a 
second valve is positioned in the supply line leading from the pump 
to the respective nozzle. The pumps generally run continuously 

35 whether or not adhesive is being supplied from the tank. The nozzles 

may be operated independently, all together, or in selected groups. 
In operation, the valve between the tank and the pump is opened to 
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allow adhesive to flow to the pump, and then the valve between the 
pump and the nozzle is opened to spray the adhesive. 

Another conventional technique which relies upon volumetric 
5 displacement for spraying adhesive is similar to the above technique 

except that each nozzle is capable of being operated between an on 
position and an off position and each nozzle/pump combination 
includes a mechanism for recirculating the adhesive back to the tank 
of adhesive when the nozzle is operated in the off position. For 

10 example, a valve may be positioned in a recirculation line which is 

connected to the adhesive supply line extending between the 
individual pump and the respective nozzle. In operation, adhesive is 
continuously supplied from the pump to the nozzle. To spray the 
adhesive, the valve in the recirculation line is closed and the 

15 nozzle is subsequently turned to an on position. To stop the spray 

of adhesive, the nozzle is turned to an off position and the valve is 
subsequently opened to recirculate the adhesive. 

Many of the conventional techniques for spraying adhesive, such as 

20 those described above have not been completely satisfactory. For 

example, in techniques which utilize pressure to supply adhesive to a 
manifold which includes a plurality of nozzles, it has been difficult 
to. regulate the amount of adhesive which is sprayed from each 
individual nozzle as each nozzle is independently turned on and off. 

25 Typically, the adhesive has been supplied to the manifold at a 

constant pressure. As such, the mass flow rate of the adhesive 
through each nozzle has undesirably fluctuated as the number of 
operating nozzles has varied and the recirculation line has been 
opened and closed. For example, as the number of operating nozzles 

30 is decreased, the mass flow rate of the adhesive to the remaining 

nozzles will be increased due to the constant pressure applied to the 
manifold. As a result, the amount of adhesive sprayed from each 
nozzle and the corresponding pattern of the spray has undesirably 
varied as the number of operating nozzles has varied. In addition, 

35 the nozzle have frequently become either partially or totally 

obstructed which has also undesirably varied the amount of adhesive 
being sprayed from each nozzle. 
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Moreover, in the conventional techniques which have utilized a pair 
of valves to control the flow of adhesive, it has been difficult to 
provide an instantaneous spray of adhesive at the desired amount. 
5 For example, since both valves are required to be operated to supply 

adhesive to the nozzle, the adhesive has not been immediately 
supplied to the nozzle at the desired flow rate to provide the 
desired spray pattern of adhesive. Typically, the spray of adhesive 
from each nozzle as it is turned on has been less than the desired 

10 amount and the desired amount has not been reached until a period of 

time has lapsed. Such inconsistent amounts of adhesive have led to 
insufficient adhesion between the webs being bonded together. 
Control mechanisms have been utilized to provide a time delay between 
the opening of the valves in an attempt to provide the requisite flow 

15 of adhesive to the nozzle before it is opened. However, it has been 

difficult to accurately time the valves to instantaneously provide 
the desired pattern of adhesive at the desired amount. This problem 
has been particularly acute when attempting to intermittently spray 
the adhesive on a continuously moving web in a controlled, 

20 intermittent pattern. 

The above-mentioned problems encountered in spraying an adhesive have 
been particularly evident and difficult to solve when compared to 
spraying other liquids, such as water, inks and the like, due to the 
25 relatively high viscosity of adhesives. Moreover, typical adhesive 

applications require a relatively low mass flow rate of adhesive 
which makes it increasingly difficult to regulate the amount of 
adhesive being sprayed on the moving web. 

30 As a result, it remains desirable to provide an apparatus and method 

which are configured to instantaneously and accurately control the 
amount and spray pattern of an adhesive on a continuously moving web. 
In particular, it remains desirable to provide an adhesive spraying 
system which is capable of accurately and reliably spraying a 

35 predetermined volumetric flow of adhesive on a continuously moving 

web. In addition, it remains desirable to provide a plurality of 
nozzles, each of which is adapted to spray an independent, 
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predetermined volumetric flow of adhesive and provide an almost 
instantaneous spray of adhesive in the desired amount and pattern as 
the nozzle is operated from an off position to an on position. 

5 Summary of the Invention 

In response to the difficulties and problems discussed above, a new 
apparatus and method for spraying an adhesive have been discovered. 

In one aspect, the present invention relates to an apparatus for 

10 spraying an adhesive in a selected pattern on a continuously moving 

web. The apparatus includes at least one nozzle which is connected 
to an adhesive supply line and configured to be operated between an 
on position and an off position. The apparatus also includes a 
metering mechanism which is configured to continuously supply a 

15 predetermined volumetric flow of the adhesive through the adhesive 

supply line to the nozzle. An adhesive divert line is connected to 
the adhesive supply line between the metering mechanism and the 
nozzle. A valve mechanism is operatively connected to the adhesive 
divert line and is configured to be operated in a closed position 

20 when the nozzle is operated in the on position and in an open 

position when the nozzle is operated in the off position to divert 
the volumetric flow of the adhesive from the nozzle when the nozzle 
is operated in the off position. A pressure regulating mechanism is 
operatively connected to the adhesive divert line between the nozzle 

25 and the valve mechanism for maintaining a back pressure at the nozzle 

when the nozzle is operated in the off position. The back pressure 
at the nozzle provides for a substantially instantaneous spray of the 
adhesive from the nozzle when the nozzle is operated from the off 
position to the on position to provide the selected pattern of the 

30 adhesive on the moving web. 

In a particular embodiment, the apparatus includes a plurality of 
nozzles, each of which is connected to an independent adhesive supply 
line. In such a configuration, the metering mechanism continuously 
35 supplies an independent, volumetric flow of the adhesive through each 

of the adhesive supply lines to each of the nozzles. An adhesive 
divert line is connected to each adhesive supply line between the 
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metering mechanism and each respective nozzle. A valve mechanism is 
connected to each adhesive divert line. A separate pressure 
regulating mechanism is connected to the adhesive divert line between 
each of the nozzles and the valve mechanisms to maintain a back 
5 pressure at each nozzle to provide the substantially instantaneous 

spray of adhesive from each nozzle. 

In another aspect, the present invention concerns an apparatus for 
intermittently spraying a predetermined volumetric flow of adhesive 
from a nozzle in a selected pattern on a continuously moving web. 
The apparatus comprises a pressure regulating means for maintaining a 
back pressure at the nozzle when the nozzle is operated in an off 
position to provide a substantially instantaneous spray of the 
adhesive from the nozzle when the nozzle is operated from the off 
position to an on position to provide the selected pattern of the 
adhesive on the moving web. 

In another aspect, the present invention concerns a method of 
spraying an adhesive in a selected pattern on a continuously moving 
web. The method comprises the steps of: (a) continuously supplying a 
predetermined volumetric flow of the adhesive through an adhesive 
supply line to at least one nozzle; (b) selectively operating the 
nozzle between an off position and an on position to spray the 
volumetric flow of the adhesive in the selected pattern on the moving 
web; (c) diverting the volumetric flow of the adhesive from the 
nozzle when the nozzle is operated in the off position; and (d) 
maintaining a back pressure at the nozzle when the nozzle is operated 
in the off position to provide a substantially instantaneous spray of 
the adhesive when the nozzle is operated from the off position to the 
on position. 

In yet another aspect, the present invention concerns a composite 
material which comprises a first substrate web, a second substrate 
web and an adhesive which is located between the first substrate web 
35 and the second substrate web to join the substrate webs together. 

The adhesive is sprayed on at least one of the substrate webs by the 
method according to the present invention. 
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Accordingly, the different aspects of the present invention 
advantageously provide an apparatus and method for spraying an 
adhesive in any desired pattern and amount. In particular, the 
present invention is directed to an apparatus and method which can 
advantageously provide an instantaneous volumetric flow of adhesive 
from a nozzle in a predetermined amount as the nozzle is operated 
from an off position to an on position. The volumetric flow of 
adhesive which is sprayed on the moving web can be precisely 
controlled and does not vary as the other nozzles within the adhesive 
spraying system are independently operated between an on and an off 
position. As a result, the present invention provides an apparatus 
and method which provide a volumetric spray of adhesive which can be 
more accurately and reliably controlled to provide any desired 
pattern on a moving web. Accordingly, materials which are adhesively 
bonded together using the different aspects of the present invention 
have a more consistent level of adhesion which results in improved 
performance. 

Brief Description of the Drawings 

The present invention will be more fully understood and further 
advantages will become apparent when reference is made to the 
following detailed description of the invention and the accompanying 
drawings wherein like numerals represent like elements. The drawings 
are merely representative and are not intended to limit the scope of 
the appended claims. 

Fig. 1 representatively shows a schematic diagram of one example of a 
method and apparatus according to the present invention; 

Fig. 2 representatively shows a partially cut away side elevational 
view of another example of a method and apparatus according to the 
present invention; 

Fig. 3 representatively shows a partial side elevational view of a 
manifold which includes a plurality of nozzles according to the 
present invention; 
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Fig, * representatively shows a plan view of the nozzles 
representatively illustrated in Fig. 3; 

5 Fig. 5 representatively shows a top plan view of one example of a 

pattern of adhesive according to the present invention; and 

Fig. 6 representatively shows a top plan view of another example of a 
pattern of adhesive according to the present invention. 

Description of the Invention 

The present invention relates to apparatus and methods for accurately 
spraying an adhesive on a continuously moving web in a desired 
pattern. The apparatus and methods are particularly useful for 
spraying adhesive to adhesively bond different components of a 
disposable absorbent article, such as the outer cover and bodyside 
liner of a disposable diaper, together. It is readily apparent, 
however, that the apparatus and methods of the present invention 
would also be suitable for spraying adhesive to adhesively bond any 
component to any moving web or absorbent article such as an adult 
incontinence product, feminine care product, training pant and the 
like. For the purpose of the present description, the various 
aspects of the apparatus and methods of the present invention will be 
described as being used to spray an adhesive on a continuously moving 
web. 

The different aspects of the present invention can be used to spray 
the adhesive in any desired pattern on the continuous moving web. As 
used herein, the term "spray" and variations thereof refers to the 
30 flow of adhesive which results when the adhesive is dispensed from a 

flow control device such as a nozzle, an orifice or the like. For 
example, the term "spray" can refer to a plurality of atomized 
droplets, a plurality of discrete fibers, a series of continuous 
filaments which may be dispensed in a linear or swirled 
35 configuration, or any combination thereof. The spray of adhesive can 

also be manipulated by directing air flows at the stream of adhesive 
leaving the flow control device. 
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As used herein the term "pattern" refers to any geometric or non- 
geometric configuration which can include, among others, a series of 
connected or unconnected lines or curves, a series of parallel or 
non-parallel or intersecting lines or curves, a series of linear or 
curvilinear lines, a random array of discontinuous lines or droplets, 
or any combination thereof. The pattern may also include 
intermittent, repeating or non-repeating configurations, or any 
combination thereof. Examples of suitable patterns will be described 
hereinafter. 

As used herein, the term "nozzle" refers to any flow control device 
which is configured to accept a flow of adhesive and dispense the 
adhesive therefrom in a controlled manner. Typically, such nozzles 
are configured to be operated between an on position and an off 
position and are further configured to dispense the adhesive when 
operated in the on position. Examples of suitable nozzles include a 
simple orifice, an air actuated nozzle and a pressure actuated nozzle 
as are well known to those skilled in the art. 

The present invention can best be understood by reference to the 
drawings wherein like numerals represent like elements. Fig. 1 
representatively illustrates a schematic diagram of an apparatus, 
generally indicated at 20, and method for spraying an adhesive on a 
continuously moving web 22. Fig. 2 representatively illustrates a 
partially cut away side elevational view of one example of the 
apparatus 20 illustrated in Fig. 1. The apparatus 20 may include a 
programmable control system 24 which is operatively connected to a 
flow control system 26. The combination of the programmable control 
system 24 and the flow control system 26 are configured to control 
the delivery of an adhesive, such as a hot melt adhesive which is in 
liquid form, to the moving web 22. The apparatus may also include a 
position sensing system which is configured to sense a position of 
the moving web 22 and, in response thereto, generate a signal that is 
sent to the programmable control system 24. 
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As representatively illustrated in Fig* 1, the continuously moving 
web 22 may be supplied by any means known to those skilled in the 
art, such as known conveyor systems. The continuously moving web 22 
can include any type of layer or web of material, such as films of 
5 thermoplastic material, nonwoven webs of thermoplastic material or a 

combination of thermoplastic material and natural fibers such as wood 
pulp fluff fibers, woven webs which may include strands of 
thermoplastic material, natural material such as threads of cotton 
and the like, laminate materials, or combinations thereof. As will 
10 be described hereinafter in more specific terms, the adhesive is 

sprayed on the continuously moving web 22 in a specific design or 
pattern for subsequent placement of or bonding to another material. 

The programmable control system 24 of the present invention is 
15 configured to send signals to the flow control system 26 which, in 

response thereto, is configured to initiate a spray of adhesive at 
the correct time to provide the desired pattern of adhesive on the 
moving web 22. As representatively illustrated in Fig. 1, the flow 
control system 26 includes an adhesive source 28 which is configured 
20 to deliver an adhesive through an adhesive supply line 30 to a 

metering mechanism 32. The adhesive can be delivered to the metering 
mechanism 32 by any means known to those skilled in the art, such as 
by the use of a pump. 

25 The metering mechanism 32 is configured to continuously supply at 

least one independent, volumetric flow of adhesive to a respective 
nozzle. As used herein, the term "volumetric flow" refers to a flow 
of adhesive which has a predetermined volumetric flow rate. Such a 
"volumetric flow" may be provided by a positive displacement metering 

30 pump which is configured to supply a specific volumetric flow which 

is independent of the manner in which the adhesive is supplied to the 
metering mechanism 32. As a result, for an adhesive which is at a 
given density, the metering mechanism 32 of the present invention is 
configured to provide an independent, predetermined mass flow rate of 

35 adhesive to each nozzle which provides improved adhesion between the 

materials being bonded together. 
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As discussed above, in conventional adhesive systems which utilize 
pressure to provide a flow of adhesive, the volumetric flow rate and 
mass flow rate of the adhesive has undesirably varied depending upon 
many factors including the pressure at which the adhesive is being 
supplied, the size and number of nozzles, the length of the adhesive 
supply lines, the number of nozzles being operated at a given point 
in time and whether the nozzles are operating efficiently. Such a 
non-volumetric flow of adhesive has undesirably resulted in 
variations of the pattern of adhesive which has been sprayed on the 
moving web. The different aspects of the present invention avoid 
this undesirable result by providing an independent, volumetric flow 
of adhesive to each nozzle. 

The metering mechanism 32 of the present invention may be configured 
to supply a single, volumetric flow of adhesive to one nozzle or an 
independent, volumetric flow of adhesive to each of a plurality of 
nozzles depending upon the number of nozzles required to provide the 
desired pattern of adhesive on the moving web 22. For example, as 
representatively illustrated in Figs. 1 and 2, the metering mechanism 
32 may be configured to continuously supply an independent volumetric 
flow of adhesive through adhesive supply lines 34 and 36 to 
respective nozzles 38 and 40. The adhesive supply lines 34 and 36 
are connected to the adhesive inlet on each respective nozzle 38 and 
40. As such, each nozzle 38 and 40 is supplied with its own 
volumetric flow of adhesive. In such a configuration, the metering 
mechanism 32 is configured to continuously supply a volumetric flow 
of adhesive to each nozzle 38 and 40 at a predetermined volumetric 
flow rate which is independent of and unaffected by the operation of 
the other nozzle. Each nozzle 38 and 40 is configured to spray 
substantially the entire volumetric flow of adhesive supplied to it 
when operated in the on position. 

In one particular embodiment, the metering mechanism 32 may be 
configured to supply an independent, volumetric flow of adhesive to 
each of a plurality of nozzles, such as the bank of nozzles 80 
representatively illustrated in Figs. 3 and 4. The bank of nozzles 
80 may include any number of nozzles 38 which are arranged to provide 
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the desired pattern of adhesive on the moving web. For example, as 
representatively illustrated in Figs. 3 and 4, the nozzles 38 may be 
arranged in one or more rows such that the spray of adhesive 82 from 
each nozzle 38 is configured to overlap the spray of adhesive 82 from 
an adjacent nozzle in the same row or a nozzle in another row. By 
offsetting the nozzles 38 by the appropriate distance, an 
uninterrupted spray of adhesive in the cross machine direction can be 
sprayed in any selected pattern on the continuously moving web 22. 

The metering mechanism 32 of the different aspects of the present 
invention may include any device which is capable of providing an 
independent, volumetric flow of adhesive to each of a desired number 
of nozzles. One skilled in the art will further recognize that more 
than one metering mechanism may be used in the present invention to 
supply each of the desired number of nozzles with its own volumetric 
flow of adhesive. A suitable device to provide the metering 
mechanism 32 may include a positive displacement metering pump which 
is commercially available from May Coating Technologies, Acumeter 
Division, a business having offices located in Holliston, 
Massachusetts, under the trade designation No. 19539. The metering 
mechanism 32 may include any other piston pump or gear pump which are 
well known to those skilled in the art. In a particular embodiment, 
the metering mechanism 32 may be configured to supply from 1 to about 
8 independent, volumetric flows of adhesive to an equal number of 
nozzles. The independent volumetric flows of adhesive may also be 
obtained by incorporating multiple metering mechanisms. 

The metering mechanism 32 of the present invention may be configured 
to supply any desired volumetric flow rate of adhesive to each 
nozzle. For example, the metering mechanism 32 may be configured to 
provide a predetermined volumetric flow rate of from about 1 to about 
1000 cubic centimeters per minute and desirably from about 30 to 
about 180 cubic centimeters of adhesive per minute to each nozzle. 
The metering mechanism 32 may be configured to provide either a 
constant or a variable volumetric flow rate of adhesive to each 
nozzle. For example, if the metering mechanism 32 is a positive 
displacement metering pump, the speed of the pump may be controlled 
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to vary the volumetric flow rate of adhesive to the nozzles. In a 
particular embodiment, the metering mechanism 32 is configured to 
provide a substantially constant volumetric flow rate of adhesive to 
each nozzle to provide a more accurate control of the pattern of 
adhesive sprayed on the moving web. 

Each nozzle 38 and 40 as representatively illustrated in Figs. 1-4, 
can be any device which is capable of providing the desired pattern 
of adhesive on the moving web 22. For example, one suitable nozzle 
is commercially available from Nordson Corporation, a business having 
offices located in Duluth, Georgia, under the trade designation Model 
No. 144906. Another suitable nozzle for use in the present invention 
is obtainable from ITW Dynatec Co. of Hendersonville, Tennessee, 
under the trade designation number 057B1639, I.D. #A3. Such nozzles 
are typically configured to be operated between an on position and an 
off position to control the spray of adhesive from the nozzles. When 
operated in the on position, each nozzle of the present invention may 
be configured to spray substantially the entire volumetric flow of 
adhesive which is independently supplied to it to more accurately 
control the amount and pattern of the adhesive on the moving web. 

The nozzles 38 and 40 of the present invention may further be 
configured to include air streams which can be directed to provide a 
desired patterns in the spray of adhesive being dispensed from each 
nozzle. For example, as representatively illustrated in Figs. 3 and 
4, each nozzle may include a series of air openings 86 surrounding 
the nozzle orifice 84 which are configured to direct air streams at 
the adhesive as it is dispensed. Such air streams can provide a 
desired adhesive spray pattern, such as a pattern of swirls of 
adhesive. 

The flow control system 26 of the different aspects of the present 
invention further includes at least one valve mechanism for diverting 
the flow of adhesive from each nozzle when the nozzle is operated in 
the off position. For example, as representatively illustrated in 
Figs. 1 and 2, the flow control system 26 of the present invention 
may include an adhesive divert line 42 and 44 which is connected to 
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each adhesive supply line 34 and 36 between the metering mechanism 32 
and the respective nozzle 38 and 40. A valve mechanism 46 and 48 
which is configured to be operated between an open position and a 
closed position is operatively connected to each adhesive divert line 
42 and 44. In use, each valve mechanism 46 and 48 is configured to 
be operated in a closed position when the respective nozzle 38 and 40 
is operated in the on position and in an open position when the 
respective nozzle 38 and 40 is operated in the off position. As 
such, each valve mechanism 46 and 48 is configured to divert the 
volumetric flow of adhesive from each respective nozzle 38 and 40 
when the nozzle is operated in the off position. Accordingly, in a 
particular embodiment, the entire volumetric flow of adhesive is 
either sprayed from the respective nozzle or diverted from the nozzle 
depending upon whether the nozzle is operated in the on position or 
the off position. As a result, the flow of adhesive from each nozzle 
of the present invention can be more reliably controlled to provide 
the desired pattern of adhesive on the moving web. 

Each valve mechanism 46 and 48 may include any device which is 
capable of being operated between a closed position and an open 
position to selectively divert the volumetric flow of adhesive from 
the respective nozzle 38 and 40. For example, each valve mechanism 
may include a pressure relief valve which is commercially available 
from Circle Seal Controls, a business having offices located in 
Anaheim, California, under the trade designation HP-532B-2M-450. 
Each valve mechanism may otherwise include a return module which is 
commercially available from Nordson Corporation under the trade 
designation Model No. 157831. Alternatively, in a particular 
embodiment, each valve mechanism 32 may include another nozzle such 
as those commercially available from Nordson Corporation under the 
trade designation Model No. 144906. When the valve mechanism is a 
nozzle, the valve mechanism may be configured to provide another 
spray of adhesive on the moving web when operated in the open 
position. In such a configuration, the flow control system 26 is 
configured to supply the independent, volumetric flow of adhesive to 
either the main nozzle 38 or 40 or the respective secondary nozzle 46 
or 48. 
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The flow control system 26 of the different aspects of the present 
invention further includes at least one pressure regulating mechanism 
which is configured to maintain a minimum back pressure at the 
5 nozzle. For example, as representatively illustrated in Figs. 1 and 

2, the flow control system 26 may include a pressure regulating 
mechanism 54 and 56 connected to each adhesive divert line 42 and 44 
between each nozzle 38 and 40 and valve mechanism 46 and 48, 
respectively. The pressure regulating mechanism 54 and 56 is 

10 configured to maintain a certain minimum back pressure at each 

respective nozzle 38 and 40 such that the desired amount of adhesive 
is sprayed from the nozzle substantially instantaneously when the 
nozzle 38 and 40 is operated from the off position to the on 
position. Such an instantaneous spray can be more precisely 

15 controlled to provide the selected pattern of adhesive on the moving 

web 22 in the desired amount. 

Generally, in conventional adhesive spraying systems, when a nozzle 
is operated from the on position to the off position and the adhesive 

20 is diverted from the nozzle, the pressure in the adhesive supply line 

at the nozzle inlet immediately drops. In such a configuration, the 
amount of adhesive sprayed from the nozzle at the instant it is 
operated from the off to the on position may vary and is generally 
undeterminable. However, the pressure regulating mechanism 54 and 56 

25 according to the present invention avoids this problem by maintaining 

a minimum back pressure at each respective nozzle 38 and 40 when the 
nozzle is operated in the off position such that the desired amount 
of adhesive is instantaneously sprayed from the nozzle when it is 
operated from the off to the on position. 

30 

The pressure regulating mechanism 54 and 56 of the present invention 
may be configured to maintain any desired minimum back pressure to 
provide the desired instantaneous spray of adhesive. In a particular 
embodiment, the pressure regulating mechanism 54 and 56 may be 
35 configured to maintain a back pressure of at least about 344,750 

Pascals (50 psi), desirably at least about 3,447,500 Pascals (500 
psi) and, even more desirably, at least about 6,895,000 Pascals (1000 
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psi) at the nozzle for improved performance. Suitable pressure 
regulating mechanisms are configured to provide a back pressure of 
from about 344,750 to about 10,342,500 Pascals (50 to about 1500 psi) 
and desirably from about 2,758,000 to about 5,516,000 Pascals (400 to 
5 about 800 psi) at the nozzle to provide the desired instantaneous 

spray of adhesive. 

In a particular embodiment, the pressure regulating mechanism 54 and 
55, as representatively illustrated in Figs. 1 and 2, is configured 
to maintain a sufficient back pressure at the nozzle such that the 
adhesive is dispensed from the nozzle at a substantially constant 
volumetric flow rate throughout the entire period in which the nozzle 
is operated in the on position. Desirably, the pressure regulating 
mechanism 54 and 56 is also configured to provide a substantially 
constant back pressure at each nozzle 38 and 40 to ensure that the 
desired amount of adhesive is consistently being sprayed 
instantaneously as the nozzle is operated from the off position to 
the on position. The pressure regulating mechanism 54 and 56 of the 
present invention may alternatively be configured to provide a 
variable back pressure at each nozzle 38 and 40 which can be 
independently controlled to vary the amount of adhesive which is 
sprayed out of each nozzle 38 and 40 at the instant when the nozzle 
is operated from the off position to the on position. 

25 Accordingly, the pressure regulating mechanism 54 and 56 can be 

configured to maintain sufficient back pressure at the nozzle to 
ensure that any desired volumetric flow rate of adhesive is dispensed 
from the nozzle at substantially the instant it is turned on. As a 
result, the apparatus and methods of the different aspects of the 

30 present invention provide a more effective control of the pattern of 

adhesive Which is sprayed on the moving web. Moreover, since a 
substantially instantaneous flow of adhesive is provided to each 
nozzle, it is not necessary to vary the timing between the operation 
of the valve mechanism 46 and 48 and the respective nozzle 38 ?nd 40. 

35 As such, each valve mechanism 46 and 58 can be operated between the 

open position and the closed position and the respective nozzle 38 
and 40 can be operated between the off position and the on position 
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simultaneously to provide the instantaneous spray of adhesive from 
the respective nozzle. 

Further, the pressure regulating mechanism 54 and 56 of the present 
invention can provide a substantially instantaneous flow of adhesive 
from the respective nozzle 38 and 40 even when the desired volumetric 
flow rate of the adhesive is relatively low. For example, in a 
particular embodiment, each pressure regulating mechanism 54 and 56 
may be configured to provide sufficient back pressure at the 
respective nozzle 38 and 40 to provide an instantaneous flow of 
adhesive from the nozzle at a volumetric flow rate of no more than 
200 cubic centimeters per minute, desirably no more than 100 cubic 
centimeters per minute and even more desirably no more than 50 cubic 
centimeters per minute. 

The pressure regulating mechanism 54 and 56 of the different aspects 
of the present invention may include any device which is capable of 
maintaining the desired back pressure at the nozzle 38 and 40 to 
provide the desired instantaneous spray of adhesive when the nozzle 
is operated from the off position to the on position. For example, 
the pressure regulating mechanism may include a restrictor which is 
commercially available from May Coating Technologies, Acumeter 
Division, a business having offices located in Holliston, 
Massachusetts, under the trade designation C-3639-6. Alternatively, 
the pressure regulating mechanism may be a pressure relief valve or a 
pressure control valve as are well known to those skilled in the art. 
An example of a pressure regulating mechanism which can provide a 
predetermined variable back pressure at the nozzle is an adjustable 
pressure control valve. 

In a particular embodiment, as representatively illustrated in Fig. 
2, the pressure regulating mechanism 54 is a restrictor which is 
inserted in the respective adhesive divert line 42 and 44. 
Typically, the restrictor is a flat disk or threaded rod which 
includes a restrictor orifice through which the adhesive flows. The 
size of the restrictor orifice will be determined by the back 
pressure which is desired at the nozzle. For example, the restrictor 
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may have a restrictor orifice which defines a restrictor diameter of 
from about 0.25 to about 2.03 millimeters and desirably from about 
0.46 to about 0.64 millimeters. In a particularly desirable 
configuration, the restrictor diameter is equal to or less than a 
5 diameter of the nozzle orifice in the respective nozzle to provide 

improved performance. As representatively illustrated in Fig. 2, the 
restrictor 54 may be located in a plug 58 which is located in the 
adhesive divert line 42. In such a configuration, the restrictor 54 
may be easily removed and a restrictor having a different diameter 
10 may be inserted depending upon the desired back pressure at the 

nozzle. 

The programmable control mechanism 24 of the different aspects of the 
present invention is configured to independently control the 

15 operation of each nozzle in the flow control system 26 to provide the 

desired pattern of adhesive on the moving web 22. For example, as 
representatively illustrated in Fig. 1, the programmable control 
mechanism 24 may include a programmable controller 60 which is 
configured to send signals to solenoids 62 and 64. The solenoids 62 

20 and 64, in turn, may be configured to provide an air flow through air 

lines 66 and 68 to control the operation of each nozzle 38 and 40 and 
each valve mechanism 46 and 48, respectively. The solenoids 62 and 
64 can be any solenoid suitable for operation with the invention as 
are well known to those skilled in the art. One suitable solenoid is 

25 commercially available from MAC Valves, Inc. of Luixom, Michigan, 

under the Model No. 45AL00DDAJ1KG. 

Referring to Fig. 1, each solenoid 62 and 64 may be a three-way valve 
that is operable between an air-inlet position, an air-outlet 

30 position, and an exhaust position. Air under pressure is supplied to 

each solenoid by any suitable means, such as by a compressor. In 
use, the programmable controller 60 sends a signal to the solenoids 
62 and 64 which, in turn, are operated to supply pressurized air to 
each nozzle 38 and 40 and each valve mechanism 46 and 48. The 

35 pressurized air then operates the respective nozzle between an on 

position and an off position and the respective valve mechanism 
between on open and a closed position. In a particular embodiment, 
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such operations are configured to occur simultaneously. In an 
alternative configuration, a single 4-way solenoid may simultaneously 
control each nozzle/valve mechanism combination* 

The programmable controller 60 is any suitable controller which is 
capable of sending the appropriate signals to the solenoids 62 and 
64. One example of a suitable programmable controller is 
commercially available from Allen-Bradley of Milwaukee, Wisconsin, 
and is identified as a PLC 5/25 programmable logic controller. The 
programmable controller 60 may be programmed to receive a position 
signal from a position sensing system to determine whether the 
pattern of adhesive is correctly positioned on the continuously 
moving web 22. If the position of the spray pattern does not meet 
the criteria of the programmed instruction in the controller 60, the 
controller 60 will generate a correction signal in response to the 
adhesive pattern being out of position, and send the correction 
signal to the solenoids 62 and 64. Alternatively, the programmable 
controller 60 may be manually programmed to generate and send the 
correction signal to the solenoids 62 and 64. The operation of the 
solenoids 62 and 64 can be controlled to adjust the operation of the 
nozzles 38 and 40 and valve mechanism 46 and 48 to properly position 
a subsequent adhesive spray pattern on the moving web 22. Suitable 
control means to provide such signals from the programmable 
controller 60 to the solenoids 62 and 64 are well known to those 
skilled in the art. 

In response to the air flows from the solenoids 62 and 64, the 
nozzles 38 and 40 are independently operated to spray the adhesive in 
the desired pattern on the moving web 22. Since each pressure 
regulating mechanism 54 and 56 is configured to maintain a back 
pressure at each nozzle 38 and 40, respectively, the solenoids 62 and 
64 which operate the nozzle and the respective valve mechanism may be 
operated simultaneously to provide improved control of the adhesive 
spray. As such, it is not necessary to delay the timing of the 
operation of the valve mechanism and nozzles in the present invention 
as is required in many conventional techniques of spraying adhesive. 
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The position sensing system may be any suitable system which provides 
the desired signals to the programmable controller 60. Such systems 
are well known to those skilled in the art. For example, a suitable 
position sensing system may include a detector which is configured to 
5 optically sense the position of the adhesive pattern and send a 

position signal to the programmable controller 60. The moving web 22 
which is conveyed to the flow control system 26 may also include a 
plurality of references which can be sensed by the position sensing 
system. The references may include some type of mark, signal, or 

10 location that can be sensed, measured, or the like by the position 

sensing system. For example, if the moving web 22 includes a series 
of interconnected diaper articles, the reference may be a specific 
component, such as the waist elastic, on each article or the 
reference may be generated by the equipment which is used to apply 

15 the components. Suitable mechanisms to provide the desired signal to 

the programmable control center 24 to initiate the spray of adhesive 
are known to those skilled in the art. For example, a rotary 
position transducer may be suitably connected to a separate rotating 
component, such as a conveyor roller, and configured to produce a 

20 position signal which is converted to digital format for processing 

by the programmable control center 24. The continuously moving web 
22 may also be treated to provide the references, such as with 
different colors, magnetic marks, and the like. Alternatively, the 
position sensing system may be a manual system in which measurements 

25 are made on the finished product and corrections are manually 

programmed into the programmable controller. 

In use, the programmable control system 24 is configured to receive 
signals from the position sensing system regarding the position of 
30 the continuously moving web 22 and, in response thereto, send signals 

to the flow control system 26 to initiate the spray of adhesive at 
the correct time and the correct position. Each nozzle may then be 
independently operated at a preprogrammed time or position to apply 
the spray of adhesive at a prescribed location on the moving web 22. 

35 

Because each nozzle 38 and 40 has its own pressure regulating 
mechanism 54 and 56, and is supplied by its own independent 
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volumetric flow of adhesive, each nozzle can be quickly operated 
independently of the other nozzles to provide a substantially 
instantaneous initiation and termination of the spray of adhesive. 
Furthermore, because each nozzle has its own volumetric flow of 
adhesive, the turning on or off of more or fewer nozzles does not 
affect the volumetric flow rate of the adhesive delivered to each 
nozzle. As a result, a predetermined volumetric flow of adhesive can 
be dispensed from each nozzle to more accurately provide the pattern 
of adhesive on the moving web 22 in the desired amount. 

After the pattern of adhesive has been sprayed on the moving web 22 
by the different aspects of the present Invention, the web may be 
further processed in a variety of ways. For example, the 
continuously moving web 22 may be contacted by a second substrate 
web, such as a nonwoven layer, between a pair of nip rolls to 
adhesively join the two substrate webs together. Thereafter, this 
composite material may be used in a variety of ways such as in the 
construction of disposable absorbent articles such as diapers, 
incontinent articles, training pants, feminine care articles and the 
like. Alternatively, the different aspects of the present invention 
may be used to adhesively join separate components, such as discrete 
elastic segments, to the continuously moving web 22. 

Specific examples of disposable diapers on which the apparatus and 
method of the present invention may be utilized are disclosed in the 
following U.S. Patents and U.S. Patent Applications: U.S. 4,798,603 
issued January 17, 1989, to Meyer et al . ; U.S. 5,176,668 issued 
January 5, 1993, to Bernardin; U.S. 5,176,672 issued January 5, 1993, 
to Bruemmer et al.; U.S. 5,192,606 issued March 9, 1993, to Proxmire 
et al., and U.S. Patent Application Serial No. 08/096,654 filed July 
22, 1993, in the name of Hanson et al . 

The pattern of adhesive on the moving web 22 can be moved, as viewed 
in Fig. 1, in the machine direction, the cross machine direction, or 
lengthened or narrowed, or any combination thereof, by programming 
the programmable controller 60 with the appropriate instructions. 
Similarly, the pattern of adhesive can have its design changed, for 
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example, from a rectangular design to an hourglass design, or from a 
design of non-continuous to continuous lines, or any combination as 
earlier described. 

As mentioned earlier, the adhesive can be sprayed in any number of 
desired patterns by appropriately programming the different aspects 
of the present invention. Figs. 5 and 6 representatively illustrate 
a web 22 which has two different patterns of adhesive thereon 102 and 
104 which were sprayed on according to the apparatus and methods of 
the present invention. The different patterns of adhesive can be 
sprayed by appropriately programming the programmable controller 60 
to control the solenoids to turn the nozzles on and off as desired. 

While the invention has been described in detail with respect to 
specific aspects thereof, it will be appreciated that those skilled 
in the art, upon attaining an understanding of the foregoing, may 
readily conceive of alterations to, variations of, and equivalents to 
these aspects. Accordingly, the scope of the present invention 
should be assessed as that of the appended claims and any equivalents 
thereto. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 . A method of spraying an adhesive in a selected pattern on a continuously 
moving web comprising the steps of: 

(a) continuously supplying a predetermined volumetric flow of said 
adhesive through an adhesive supply line to a nozzle; 

(b) selectively operating said nozzle between an off position and an on 
position to spray said volumetric flow of said adhesive in said selected pattern on 
said moving web; 

(c) diverting said volumetric flow of said adhesive from said nozzle 
when said nozzle is operated in said off position; and 

(d) maintaining a back pressure at said nozzle when said nozzle is 
operated in said off position to provide a substantially instantaneous spray of said 
adhesive when said nozzle is operated from said off position to said on position. 

2. The method according to claim 1 wherein said adhesive is continuously 
supplied to said nozzle at a substantially constant volumetric flow rate. 

3. The method according to claim 1 wherein said adhesive is continuously 
supplied to said nozzle at a predetermined, variable volumetric flow rate. 

4. The method according to claim 1 wherein said adhesive is 
continuously supplied to said nozzle at a volumetric flow rate of no 
more than 200 cubic centimeters per minute. 

5. The method according to claim 1 wherein substantially said 
entire volumetric flow of said adhesive is sprayed from said nozzle 
when said nozzle is operated in said on position. 

6. The method according to claim 1 wherein said step of diverting 
said volumetric flow of said adhesive includes the step of operating 
a valve means from a closed position to an open position to divert 
said flow of adhesive wherein said valve means is operatively 
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5 connected to an adhesive divert line which is connected to said 
adhesive supply line between said metering means and said nozzle. 

7. The method according to claim 6 and further comprising the step 
of simultaneously operating said valve means from said open position 
to said closed position as said nozzle is operated from said off 
position to said on position to provide said instantaneous spray of 

5 said adhesive from said nozzle. 

8. The method according to claim 6 wherein substantially said 
entire volumetric flow of said adhesive is sprayed from said nozzle 
when said nozzle is operated in said on position and said valve means 
is operated in said closed position. 

9. The method according to claim 6 wherein said step of maintaining 
said back pressure includes the step of providing a pressure 
regulating means which is operatively connected to said adhesive 
divert line between said nozzle and said valve means to maintain said 

5 back pressure at said nozzle when said nozzle is operated in said off 
position. 

10. The method according to claim 9 wherein said pressure regulating 
means is a restrictor. 

11. The method according to claim 10 wherein said restrictor 
includes a restrictor orifice which defines a restrictor diameter and 
said nozzle includes a nozzle orifice which defines a nozzle diameter 
and wherein said restrictor diameter is equal to or less than said 

5 nozzle diameter. 

12. The method according to claim 1 wherein said back pressure is 
maintained at a substantially constant pressure. 

13. The method according to claim 1 wherein said back pressure is 
maintained at a pressure of at least 344,750 Pascals (50 psi). 
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14. The method according to claim 1 wherein said back pressure is 
maintained at a predetermined, variable pressure. 

15. The method according to claim 1 wherein said selected pattern of 
said adhesive on said moving web is an intermittent pattern. 

16. A method of spraying an adhesive in a selected pattern on a 
continuously moving web comprising the steps of: 

(a) continuously supplying an independent, predetermined 
volumetric flow of said adhesive to each of a plurality of nozzles; 
5 (b) independently operating each of said nozzles between an off 

position and an on position to spray said adhesive in said selected 
pattern on said moving web; 

(c) selectively diverting said volumetric flow of said adhesive 
from each of said nozzles when said nozzle is operated in said off 

10 position; and 

(d) independently maintaining a back pressure at each of said 
nozzles when said nozzle 1s operated in said off position to provide 
a substantially instantaneous spray of said adhesive when said nozzle 
is operated from said off position to said on position. 

17. The method according to claim 16 wherein said predetermined 
volumetric flow of said adhesive is independently supplied to each of 
said nozzles at a substantially constant volumetric flow rate. 

18. The method according to claim 16 wherein substantially said 
entire volumetric flow of said adhesive is sprayed from said 
respective nozzle when said nozzle is operated in said on position. 

19. A composite material comprising: 

(a) a first substrate web; 

(b) a second substrate web; and 

(c) an adhesive which is located between said first substrate 
5 web and said second substrate web to join said substrate webs 

together wherein said adhesive is sprayed on one of said substrate 
webs by the method according to claim 1 or claim 16. 
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FIG. 4 
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FIG. 6 



